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[57] ABSTRACT

Disclosed is a method of correcting the position of a TV
camera for taking up the image of an object to produce
video signals of the image, suitable for use in, for exam-
ple, automotive headlamp beam testing system. The
images of reference points which are provided for the
purpose of correcting the TV camera position are taken
up by the TV camera. Then, the position data represent-
ing the positions of the reference points in the field of
vision of the TV camera is determined. The position
data are compared with predetermined reference point
data representing the positions of the reference points in
the field of vision of the TV camera as obtained when
the TV camera is in the correct position, thereby deter-
mining the amount of deviation of the TV camera.
Then, the driving unit is operated in accordance with
the thus determined amount of deviation to adjust the
optical axis of said TV camera so as to eliminate the
deviation of the TV camera position. Disclosed also 1s a
method in which the measurement data obtained
through the TV camera is corrected in accordance with
the amount of deviation of the TV camera, as well as an
apparatus suitable for carrying out these methods.

12 Claims, 6 Drawing Figures
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METHOD OF AND APPARATUS FOR
AUTOMATICALLY CORRECTING POSITION OF
TV CAMERA

BACKGROUND OF THE INVENTION

The present invention relates to a method of and
apparatus for automatically correcting position of a TV
camera which takes the image of an object for measur-
ing desired data concerning the object, through elimina-
tion of any deviation of the TV camera position from
the correct position. More particularly, the invention 1s
concerned with a method of and apparatus for correct-
ing the position of a TV camera, suitable for use m a
system for examining the beam axis alignment of auto-
motive headlamp in an automobile assembly line.

Systems for measuring various data of an object by
means of a TV camera have been known, a typical
example of which is a system for examining the beam
axis alignment of automotive headlamp in an automo-
bile assembly line. In the known system for examining
the automotive beam axis alignment, the measurement 1s
made on an assumption that the TV camera for taking
up the screen image of the light distribution pattern of
the headlamp beam applied to a screen is always posi-

tioned correctly relative to the screen.
As a matter of fact, however, the position of the TV

camera is often deviated from the correct position due
to an inferior environmental condition of the system,
e.g., vibration or the like. Such a deviation of the TV
camera position causes the following problem. Refer-
ring to FIG. 1, if the mounting position of the TV cam-
era 200 is deviated from the correct position, the optical
axis of the TV camera 200 is deviated by an angle 6
from the correct position ml to a wrong position m2.
This deviation causes a measurement error of Ah on the
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plane P of screen. This measurement error Ah is ex-

pressed by Ah=1 tan 6, representing the distance be-
tween the TV camera 200 and the screen plane P by 1.
Thus, measurement error is caused to seriously impair
the reliability of the measurement data even by a slight
deviation of the TV camera position. To obviate this
problem, hitherto, the position of the TV camera rela-
tive to the screen is checked periodically. Unfortu-
nately, however, a visual check by the operator’s eyes 1s
the only effective measure for checking the TV camera
position. The conventional checking method involved
also problems concerning the mounting precision.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the invention to
provide a method of and apparatus for automatically
correcting the deviation of TV camera position,
wherein the amount of deviation of the TV camera
from the correct position is detected by means of video
information taken up by the TV camera so as to permit
an automatic and highly precise correction of TV cam-
era position, thereby overcoming the above-described
problem of the prior art. |

It is another object of the invention to provide a
method of and apparatus for automatically correcting a
measurement data obtained in accordance with a video
signal from a TV camera so as to negate an influence of
the deviation of the position of the TV camera on the
measurement data.

According to one aspect of the invention, a reference
point for the correction of the TV camera position is
disposed in the vicinity of an objective image. The posi-
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2

tion of the reference point in the field of vision of TV
camera, as obtained when the TV camera is correctly
positioned, is beforehand stored as a reference point
data. For correcting the position of the TV camera, the
present data concerning the reference point in the field
of vision of the TV camera, taken up by this TV cam-
era, is compared with stored reference point data,
thereby determining the amount of deviation of the
present TV camera position from the correct position,
and the optical axis of the TV camera is adjusted by
means of a driving device so as to eliminate the devia-
tion.

According to another aspect of the invention, an
indirect correction of the TV camera optical axis 1s
performed by correcting, in accordance with the
amount of deviation obtained by the above-described
method, the measured data determined on the basis of
the video signals of the object produced by the TV
camera.

The above and other objects, features and advantages
of the invention will become clear from the following
description of the preferred embodiments when the
same is read in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of the relationship between
the deviation of TV camera position and the resulting

error in the measurement data;
FIG. 2 is an illustration of a method in which the

image of a reference point on a screen is taken by a TV

‘camera and displayed on a monitor TV;

FIG. 3 shows the general arrangement of a system for
examining the beam axis alignment of automotive head-
lamps, the system incorporating an apparatus in accor-
dance with the invention;

FIG. 4 is a block diagram of an embodiment of the
apparatus of the invention for correcting the position of
a TV camera;

FIG. 5 is a block diagram of an embodiment of an
apparatus of the invention for correcting the measured
data taking the deviation of the camera position into
account; and

FIG. 6 is a block diagram showing the detail of a
practical example of a picture processing computing
device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before turning to the detailed description of the pre-
ferred embodiment, the principle of the invention will
be described hereinunder with specific reference to
FIG. 2. Two characteristic points 10a (referred to as
“reference points”, hereinunder) are fixedly provided
on a screen on which the objective image is to be pro-
jected. The images of these reference points 10a are
taken up by a TV camera 200 and are displayed on a
monitor TV 110. At the same time, the positions of
these reference points are detected in terms of coordi-
nate values on an X-Y coordinate assumed on the pic-
ture surface of the monitor TV. These coordinate val-
ues are compared with reference coordinate values
which represent the position of the reference points as
determined when the TV camera 1s positioned cor-
rectly, so that the deviation of the TV camera position
from the correct position is determined. Then, the opti-
cal axis of the TV camera is moved to negate the devia-
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tion thereby automatically correcting the TV camera
position. Alternatively, the measured data produced on
the basis of the video signal from the TV camera is
corrected in accordance with the amount of deviation
determined by the above-described method.

A first embodiment of the invention will be described
hereinunder with reference to FIGS. 3 and 4. Referring
first to FIG. 3 which shows the general arrangement of

a system making use of the invention and adapted for
examining the alignment of automotive headlamp beam
axis, the system has a TV camera 1 for measuring the

height of the lamp center hanging from a ceiling so as
not to hinder the movement of automobiles along the
inspection line. Photoelectric switch composed by a
pair of elements 5 and 6 is provided to detect the arrival
of the automobile at the predetermined examination
position. The photoelectric switch 1s adapted to pro-
duce signal for allowing the TV camera 1 to take up the
image of the headlamp 7a (7b) directly applied to the
TV camera 1. Reference numeral 11 denotes a monitor
TV adapted to display the position of the geometrical

center of the thus taken image of the headlamp beam

from the headlamp 7a (7b). The position of this geomet-
rical center is used as the value of the height of the lamp
center. Screens 9a (for right headlamp) and 9b (for left
headlamp) onto which the beams from the headlamps
are projected are provided. Numeral references 22 and
- 2b denote TV cameras for the right and left headlamps
~which take up the illuminaiion patterns on these
. screens, respectively. The outputs of these TV cameras
2a and 2b are connected to a control circuit 3 which is
- adapted to receive the video signals therefrom so as to
make a picture processing such as binary coding, in
order to determine the positions of the beam axes and
compensate the deviation of the position of the TV
cameras 1, 2ag and 2b. The ouiputs of the control circuit
‘3 are connected to monitor TVSs 4a (for right headlamp)
~-and 4b (for left headlamp), respectively, which display
--the results of the processing. The examination is
~adapted to be started as the inspector or operator pushes
-.a start button 8a (for right headlamp) or 8b (for left
headlamp) depending on which one of the headlamps 7a
~ and 7b is to be examined first. Pushing of the start but-
ton is adapted to cause a “~ "’ mark to be displayed on
the minitor TV 4a (4b). This *“+” mark represents the
position of the geometrical center of a closed curved
area which 1s surrounded by a closed curve represent-
ing a predetermined same illumination intensity in the
light distribution pattern on the screen. The evaluation
as to whether the beam axis alignment is acceptable or
not is made by judging the “--" mark falls within an
area (referred to as “window ”°, hereinunder) represent-
ing the allowable range which has been corrected in
accordance with the measured automobile height. If the
“4* mark does not fall within the area of the window,
the beam axis 1s adjusted until the “+> mark becomes to
fall within the window area. When the “+” mark is
found to fall within the area of the window, a pilot lamp
19a (for the right headlamp) or 195 (for the left head-
lamp) lights to inform the inspector of the fact that the
beam axis has been aligned to an accepiable level. Two
reference marks 10q,10¢ in the form of solid dots are
provided on the screen 94, while the screen 96 has simi-
lar reference marks 105,105. These reference marks are
for correcting the positions of the TV cameras.
The control circuit 3 has a circuit for picture process-
ing, as well as a circuit for performing the automatic
correction of the TV camera position in accordance
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with the invention. An example of the circuit for the
automatic correction of TV camera position is shown in
FIG. 4, together with the illustration of TV cameras
carried by TV camera driving units.

Referring to the drawings, the outputs of the TV
cameras 1,2z and 2b are connected to the input of a
video signal selector 22 which is under the control of a
camera selection signal 40 delivered from a central

processing unit (CPU) which 1s not shown. The camera
selection signal 40 is set by a switch which is not shown,
so that the output from one of the TV cameras 1,2¢ and

2b selected by the camera selection signal 40 is deliv-
ered by the video signal change-over device 22.

The output from the video signal change-over device
22 is connected to an analog-to-digital converter (re-
ferred to as “A/D converter ”, hereinunder) 24 which
converts the analog video input signal into a digital
signal.

The video signal from the TV camera contains not
only signals representing the image obtamed through a
scanning but also horizontal and vertical synchronizing

.signals. In general, the signals representing the image

obtained through the scanning take positive values,
while the horizontal and vertical synchronizing signals
take negative values. Representing the level of the syn-
chronizing signal by “0” while representing the video
signal of white image by “100”, the level of the video
signal of a black image is expressed by “20” for exam-
ple. It is, therefore, possible to distinguish, by means of
the output signal from the A/D converter 24, the hori-
zontal and vertical synchronizing signals, video signals
of the reference marks 10ag to 10¢ which are black dots,
and the video signals of white grounds of screens 94,9b.
In addition, the reference mark 10c is used to correct the
position of the TV camera 1 which directly receives the
light beam from the headlamp. This mark is provided on
a flat plate and is taken up by the TV camera 1 only
when the correction of position 1s necessary.

The output from the A/D converter 24 is connected
to the input of a reference point extracting circuit 26.
The reference point extraction circuit 26 may comprise
a counter which is started by a vertical synchronizing
signal and adapted to be siepped one by one until it
stops to operate in response to a video signal which
represents the reference marks 10¢,1056 or 10c; a time
counter which starts to count the time in response to
each horizontal synchronizing signal and continues the
counting until a video signal representing the reference
point 10g,106 or 10c 1s discriminated, and a circuit for
discriminating various signais mentioned before accord-
ing to their levels. The output of the reference point
extracting circuit 26 is connected to an input signal
selection circuit 30 and also to one of the inputs of a
digital comparator 36. The input signal selecting circuit
30 has three outputs which are connected t0 memories
32A,32B and 32C, respectively. The aforementioned
camera selection signal 40 is delivered to the control
terminal of the input signal selecting circutt 30, so that
the signal delivered by the reference point extracting
circuit 26 to the selecting circuit 30 is inputted to one of
the memories 32A-32C, in accordance with the camera
selection signal 40. The selecting circuit 30 receives also
a reference point set signal 41 outputted from the CPU
in response to the operation of a switch (not shown) for
setting in the memories 32A to 32C the reference point
data representing the positions of the reference points
10z to 10c. The selecting circuit 30 is adapted to pass the
input signal supplied thereto only when the set signal 40
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exists. Thus, the meories 32A to 32C store the data
concerning the positions of the reference marks 10z to
10c in terms of X-Y coordinate values. The memories
32A to 32C are connected to an output signal selecting
circuit 34. The selecting circuit 34 receives the afore-
mentioned camera selection signal 40, as well as a refer-
ence point checking signal 42 which is outputted from
the CPU in response to a switch (not shown) for effect-
ing the correction of the TV camera position. The ar-
rangement is such that the data stored in one of the
memories 32A to 32C is selected by the camera selec-
tion signal 40, and the selected data is outputted only
when the reference point checking signal 42 exists.

The output of the output signal selecting circuit 34 1s
connected to the other input terminal of the comparator
36. The comparator 36 is adapted to compare the refer-
ence point data of reference marks stored in the memo-
ries 32A to 32C with the position data of the reference
marks image taken up by the TV cameras and delivered
through the reference point extraction circuit 26. The
output of the comparator 36 is connected to a voltage
converter 50. The voltage converter S0 includes an
A/D converter and produces a voltage digital signal of
a level corresponding to the differential signal from the
comparator 36. The output from the voltage converter
50 is connected to camera driving controllers 17z to 17¢
for the TV cameras 1,2¢ and 2b, so that the voltage
signal from the voltage converter 50 is delivered to one
of the camera driving controllers 17z to 17¢ In accor-
dance with the camera selecting signal which is being
received by the control terminal of the voltage con-
verter 50. The outputs of the camera driving controllers
17a to 17¢ are connected to TV camera driving units
18a to 18¢, respectively, so that the camera driving units
184 to 18¢ rotate around horizontal and vertical axes in
accordance with the output signals from corresponding
controllers 17a to 17¢. The camera driving controlier
17a to 17¢ may be, for example, a device manufactured
by MATSUSHITA under the model name of WV-
7370, while the camera driving units 18z to 18¢ may be,
for example, WV-7270 also manufactured by MATSU-
SHITA.

The TV camera position correcting apparatus of the
invention having the described construction operates in
a manner which will be explained hereinunder.

When the cameras 1,2¢ and 2b are in correct posi-
tions, the reference point data corresponding to the
reference points 10z to 10c are set in the reference point
data memory circuits 32A,32B and 32C in the following
manner. As the reference point set switch (not shown)
and the camera selecting switch (not shown) are oper-
ated, the camera selection signal 40 is delivered from
the CPU to the video signal selector 22, input signal
selection circuit 30 and the output signal selection cir-
cuit 34, while a reference point set signal 41 is delivered
to the input signal selection circuit 30. The video signals
of two reference points 10g,106 or 10c¢, taken up by one
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To explain in more detail, as each of the video digital
signals is supplied to the reference point extracting
circuit 26, the counter for counting the horizontal syn-
chronizing signals is reset and set in response to the
detection of a vertical synchronizing signal from the
video signal. This counter is stepped one by one each
time the horizontal syncronizing signal 1s received, and
stops the counting operation when the signal represent-
ing the reference mark is detected from the video signal.
Consequently, the content of this counter represents the
Y coordinate value of the reference point. The time
counter starts to count the time when a horizontal syn-
chronizing signal is detected from the video signal, and
stops its counting operation when the signal represent-
ing the reference mark is detected. This counting opera-
tion is conducted for each scanning cycle. Thus, the
content of the time counter represents the X coordinate
value of the reference mark.

The coordinate signals from the reference point ex-
tracting circuit 26 are stored, as the reference point data
representing the coordinate values of the reference
marks obtained when the TV camera is positioned cor-
rectly, in one of the reference point data memory cir-
cuits 32A,32B and 32C selected by the camera selection -
signal 40, by way of the input signal selecting circuit 30.

Then, the reference point check switch (not shown)

~ for correcting the position of the TV cameras 1,2¢ and
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2b, as well as a switch (not shown) for specifying the
TV camera to be subjected to the position correction,
are operated to permit the CPU (not shown) to deliver
the camera selection signal 40 to the video signal selec-
tor 22, input signal selecting circuit 30, output signal
selecting circuit 34 and the voltage converter 50, and to
deliver the reference point checking signal 42 to the
output signal selecting circuit 34. In consequence, as in
the case of the setting of the reference point data in the
reference point data memory circuits 32A to 32C, the
coordinate signals of two reference points taken up by
the specified TV camera are delivered from the refer-
ence point extracting circuit 26 to the input signal se-
lecting circuit 30 and one of the input teminals of the
comparator 36. In this state, however, the input signal
to the input signal selecting circuit 30 is gated, so that
the contents of the memory circuits 32A to 32C are
never changed in this case.

On the other hand, the output signal selecting circuit
34 receives the camera selection signal 40 and the refer-
ence point check signal 42. Therefore, the reference
point data memory circuit, which stores the reference
point data of two reference points taken up by the TV
camera specified by the selection signal 40, delivers the
reference point data to the other input terminal of the
comparator 36 through the output signal selection cir-
cuit 34. The comparator 36 compares the coordinate
signals with the reference point data and produces a

- detection signal (comparison signal) 43 corresponding

of the TV cameras 1,2 and 2b specified by the camera

selection signal 40, are selected by the video signal
selector and the thus selected video signal are delivered
to the A/D converter 24. The video signals of the refer-
ence points are converted into digital signals by the
A/D converters 24, so that the positions of two refer-
ence points are determined by the reference point ex-
tracting circuit 26 as coordinate signals representing the
X-Y coordinate values of these positions on an X-Y

coordinate system assumed on the monitor TV 11 (see

FIG. 3).

635

to the amount of deviation of the present TV camera
position from the correct position of the TV camera.
The detection signal 43 is then delivered through the
voltage converter 50 to the camera controller 174,176
or 17¢ associated with the TV camera the position of
which is to be corrected. The camera controller then
delivers a driving signal to the associated camera driv-
ing units 182,185 or 18¢ so that the driving unit drives
the TV camera to the correct position thus automati-
cally accomplishing the correction of the TV camera

position.
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To explain in more detail, the coordinate signal repre-
senting the position of each reference point includes X
and Y coordinate components and, under the control of
the CPU, the digital comparator 36 compares each
coordinate component with the corresponding coordi-
nate component of the reference point data stored in the
memory circuits 32A to 32C, and supplies the compari-
son signal 43 of each coordinate component to the volt-

age converter 50. The voltage converter 50 receives
two comparison signals 43 for each of two reference

points successively received for the specified TV cam-
era, i.e. four comparison signals 43 in total, and con-
ducts predetermined computation on these four com-
parison signals to obtain a result which represents the
amount of driving of the TV camera in digital form.
This result is converted into an analog signal by a D/A
converter, and is delivered to the TV camera controller
17a,17b or 17¢ which in turn delivers a driving signal to
the associated TV camera driving unit 184,185 or 18c.
Consequently, the TV camera specified by the camera
selection signal 40 is rotated horizontally or vertically
to eliminate the deviation of the position, thereby ac-
complishing the correction of position.

Note that the picture processing circuit for conduct-
ing a predetermined picture processing on the video
signals from the TV cameras, for determining the posi-
tions of the headlamp beam axes, 1s omitted from FIG.
4

FIG. 5 shows another embodiment of the invention

- which is adapted to automatically correct the measured

data in response to the detected amount of deviation of
the TV camera position. In contrast to the embodiment
shown in FIG. 4 in which the TV camera itself 1s driven
to the correct position so as to eliminate any deviation
from the correct position, the embodiment shown in
FIG. 5 is intended for automatically correcting the
measured data in accordance with the detected amount
of deviation of camera position, instead of moving the
TV camera to the correct position. In FIG. §, the same
- reference numerals are used to denote the same parts or
- members as those used in FIG. 4.

- The output frm the A/D converter 24 is connected to
a signal change-over device 60. The signal change-over
device 60 has two outputs which are connected to a
reference point extraction circuit 26 and a computing
circuit 70 for picture processing, respectively. The sig-
nal change-over device 60 has a control terminal which
receives a correction/measuring signal 44. When this
signal 44 indicates that the deviation of the TV camera
position should be corrected, the A/D converter 24 is
connected to the reference point extraction circuit 26,
whereas, when the signal 44 indicates that the measure-
ment should be made, the A/D converter 24 is con-
nected to the computing device 70.

The output from the comparatior 36 1s connected to a
deviation data input signal selecting circuit 72 which
has three outputis connected, respeciively, 10 memories
14A, 74B and 74C. The input signal selecting circuit 72
has a control terminal which receives the aforemen-

tioned camera selecting signal 40, so that the signal 60

inputted to the selecting circuii 72 is received by one of
the memories selected in accordance with the camera
selecting signal 40. The control terminal also receives a
reference point checking signal 42 which is delivered by
the CPU in response to the operation of 2 switch (not
shown) for correcting the TV camera position. The
selecting circuit 72 permits the input signal to pass
therethrough only when this checking signal 42 is avail-
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able. The memories 74A to 74C store the comparison
results representing the amounts of deviations, deliv-
ered by the comparator 36. These memories 74A to 74C
are connected to a signal selecting circuit 76 the control
terminal of which receives the aforementioned camera
selecting signal 40 and the correction/measuring signal
44. The arrangement is such that the data stored in the
memory 74A,74B or 74C 1is selected by the camera

selection signal 40, and the thus selected data 1s output-
ted from the signal selecting circuit only when the cor-

rection/measuring signal 44 representing that the mea-
surement is to be made 1s supplied to the signal selecting
circuit 76. The output from the output signal selecting
circuit 76 is connected to a data correction device 78 to
which connected also is the output of the computing
device 70. |

The detail of the computing device 70 will be ex-
plained with specific reference to FIG. 6. The comput-
ing device 70 has a digital comparator 70-1 having two
input terminals: namely, an input terminal for receiving
the digital video signal after an A/D conversion by the
A/D converter 24, and another input terminal which
receives a reference signal for determining a quantizing
level. The reference signal thus supplied to the compar-
ator 70-1 determines the closed curved area surrounded
by the line indicative of the same illumination intensities
higher than a predetermined level, in the image taken up
by the TV camera. The output of the comparator 70-1
is connected io a memory 70-2. The image taken up by
the TV camera is stored in the form of digital picture
signals of 256 X256, for example. An area counter 70-3,
X-direction primary moment counter 70-4, Y-direction
primary moment counter 70-5 and an address controller
70-6 are connected to the memory 70-2,

The area counter 70-3 i1s adapted to deiermine the
area of the closed curved area mentioned before, by
counting the number of picture signals taking a staie
such as “1” representing that the points corresponding
to such picture signals fall within the closed curved
area.

The X-direction primary moment counter 70-4
counts the X-direction primary moment in the follow-
ing manner. It is assumed here that the address in the
memory is expressed by a matrix consisting of 1 lines and
j columns, and the picture signal on the address 1j is
expressed by Pij. Thus, the picture signals of addresses
falling within the closed curved area is expressed as
Pij=1, while the picture signals falling out of the closed
area is expressed by Pij=0. In this system, the primar
moment in X direction is given by 22i-Pij. Therefore,
the counter 70-4 determines the primary moment in X
direction by counting 22i-Pij. Similarly, the Y-direc-
tion primary moment counter 70-§ determines the Y-
direction primary moment by counting Z2j-P1ij.

The area of the closed curved area, counted by the
area counter 70-3, is represented by Z2ZP1j. Then, the
position {Gx,Gvy) of the geometrical center of the closed
curred area is expressed by the following formula (1).

(1)

_( s3i.Pj 33 Pi
(Gx, Gy) —( SSP7 ' SSFh

The area counter 70-3, X-direction primary moment
counter 70-4 and the Y-direction primary moment
counter 70-5 are connected to dividers 70-7 and 70-8.

- The divider 70-7 is for determining the X coordinate.
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value of the centroid of the closed curved area, while
the divider 70-8 is for determining the Y coordinate
value of the same. The divider 70-7 conducts a compu-
tation of S2i-Pij/S2Pij upon receipt of the outputs
from the area counter 70-3 and the X-direction primary
moment counter 70-4, thereby producing a signal repre-
senting the X coordinate position Gx of the geometrical
center. Similarly, the divider 70-8 conducts a computa-
tion of 22j-Pij/ZZPij, upon receipt of the outputs from
the area counter 70-3 and the Y-direction primary mo-
ment counter 70-5, thereby producing a signal repre-
senting the Y coordinate position Gy of the geometrical
center.

The data correction device 78 is constructed such
‘that the sum of the X coordinate components of digital
signals representing the amounts of deviations of two
reference points, as well as the sum of Y coordinate
components of the same is carried out to compute the
real amounts of deviation in both coordinate compo-
nents, and the X coordinate data and Y coordinate data
from the computing device 70 are corrected 1n accor-
dance with the real amounts of deviation.

The operation of the embodiment shown in FIG. 5 1s
as follows.

When the TV cameras 1,2a and 2b are in correct
positions, the reference point data are set in the refer-
ence point data memory circuits 32A to 32C in a man-
ner which is substantially identical to that of the first
embodiment. Therefore, no further explanation will be
needed in this regard. In the described embodiment, the
signal change-over device 60 is switched by the correc-
tion/measurement change-over device 60 so that the
video signal is delivered to the reference point extrac-
tion circuit 26.

When the position of the TV camera 1,2z or 2b is
deviated from the correct position, the deviation data
representing the amount of position deviation is set in
the position deviation memory circuit 74A,74B or 74C
corresponding to this camera, in 2 manner which will be
explained hereinunder. The CPU delivers the camera
selection signal 40, reference point checking signal 42
and the correction/measurement signal 24 representing
the correction. In response to these signals, as in the
case of the setting of the reference point data explained
before, the X and Y coordinate values of two reference
points taken up by the specified TV camera are deliv-
ered through the reference point extraction circuit 26 to
the input signal selecting circuit 30 and one of the input
terminals of the comparator 36. The other input termi-
nal of the comparator 36 receives the reference pomt
data which is stored in the reference point data memory
selected by the output signal selecting circuit 34. The
comparator 36 then compares the coordinate signals
with the reference point data to produce a comparison
signal 43 representing the amount of deviation of the
TV camera position and delivers the same to the posi-
tion deviation data input signal selecting circuit 72.
Then, the selecting circuit 72 selects one of the position
deviation data memory circuit 74A,74B or 74C to store
the detection signal 43 representing the position devia-
tion data.

Then, the measured data is corrected in accordance
with the amount of position deviation which is stored n
a manner explained hereinbefore. When the correc-
tion/measurement signal 44 indicating that the measure-
ment is to be made and the camera selecting signal 40
are delivered to the associated circuits, one of the TV
cameras 1,2a or 2b selected by the video signal selector
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22 takes up the image of the object, e.g., the 1mage or
light pattern of a headlamp beam projected on a screen.
The video signals representing the taken up image are
converted by the A/D converter 24 into digital signals
and are outputted to the computing device 70 through
the signal change-over device 60. The digital signals are
then quantized by the comparator 70-1. Namely, the
digital signals corresponding to the points within the
closed curved area in the light projection pattern on the
screen are stored as “1” in the memory 70-2, while
digital signals corresponding to points out of this closed
curved area are stored as “0” in the same. The picture
signals in the memory 70-2 are successively outputted to
the area counter 70-3 in accordance with the control of
the address controller 70-6, so that the output of the
area counter 70-3 represents the area of the closed
curved area. The picture signals in the memory 70-2 are
delivered, under the control of the address controllers
70-6, also to the X-direction primary moment counter
70-4 and Y-direction primary moment counter 70-5,
respectively. The counter 70-4 counts the result of mui-
tiplication of the picture signals of respective addresses
by the values of addresses related to the X direction,
while the counter 70-5 counts the results of multiphica-
tion of the picture signals of respective addresses by the
values of the addresses related to the Y direction.

The output from the X-direction primary moment
counter 70-4 and the output from the area counter 70-3
are delivered to a divider 70-7 so that the X coordinate
value of the geometrical center of the closed curved
area is determined in accordance with the formula (1),
and the X coordinate signal representing this position is
outputted from the divider 70-7. Similarly, the Y coor-
dinate signal is outputted from the divider 70-8. When
the TV camera 2a or 2b has been selected by the camera
selection signal, the content of the area counter 70-3
represents the area of the hot zone (closed curved area)
on the screen, while the outputs from the dividers
70-7,70-8 represent the X and Y coordinate values of the
centroid of the hot zone (closed curved area), i.e., the
coordinate position of the headlamp beam axis. When
the TV camera for directly receiving the image of the
headlamp is selected by the camera selecting signal, the
content of the area counter 70-3 represents the area of
the closed curved area of the light beam directly ap-
plied by the headlamp, while the dividers 70-7,70-8
represent the positions of the centroid of the- closed
curved area. In this case, it is possible to know the
height of the automobile under examination by the Y
coordinate signal and, hence, to correct the position of
the window which indicates the allowable range of
beam axis position on each monitor TV 44,4b in accor-
dance with the Y-axis signal, i.e., in accordance with the
measured heigh of the lamp center.

The X and Y coordinate signals delivered by the
computing device 70 are corrected by the data correc-
tion device 78 in accordance with the position deviation
signals, so that coordinate signals 80 corrected to elimi-
nate the influence of deviation of the TV camera posi-

‘tion are obtained. A mark “~+" repesenting the position

of the headlamp beam axis is displayed on the TV cam-
era 4a or 4b (see FIG. 3) in accordance with the coordi-
nate signals 80, and the headlamp beam axis is adjusted
until this “-- mark comes to fall within the area of the
window representing the allowable range, if the mark
“ 1. is found to be out of the area of the window.

What is claimed is:
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1 A method of automatlcally correcting a position of
a TV camera in a measuring system, in which said TV
camera takes an image of an object ot be measured to
produce a video signal in order to obtain data of mea-
surement, an optical axis of said TV camera being ad-
justable by a TV camera driving unit, said method com-
prising the steps of:

(a) taking by a TV camera arranged at a pre-deter-
mined position an image of a reference point which
is provided in a field of vision of said TV camera;

(b) determining correct position data representing a
position of said reference point;

(c) storing said correct position data obtained 1n step
(b) in memory circuits;

(d) taking an image of said reference point by a TV
camera whose posttion is t0 be corrected;

(e) determining current position data representing a
position of said reference point taken by said TV
camera whose Position is to be corrected;

(f) comparing the position data obtained in step (e)
with the position data obtained in step (b), thereby
determining an amount of deviation of said TV
camera to be corrected; and

(g) operating said TV camera driving unit in accor-
dance with the amount of deviation determined in
step (f) to adjust the optical axis of said TV camera
so as to eliminate the deviation in the position of
said TV camera.

2. A method according to claim 1, wherein said refer-
ence point comprises a2 pair of reference marks on a
screen on which said 1amge is provided.

3. A method according to claim 1, wherein said ob-
ject is an automotive headlamp beam which is projected
onto a screen in order to check whether said automotive
headlamp beam aims at a predetermined direction.

4. A method of automatically correcting measure-
ment data of an object in a measuring system, in which
a TV camera takes an image of said object to produce a
video signal to obtain said measurement data o elimi-
nate an influence of any deviation in a position of said
TV camera from its correct position, said method com-
prising the steps of:

(a) taking by a TV camera arranged at a pre-deter-

mined position an image of a reference point which

is provided in a field of vision of said TV camera;

(b) determining correct position data representing a
position of said reference point;

(c) storing said correct position data obtained in step
(b) in memory circuits;

(d) taking an image of said reference point by a TV
camera whose position is to be corrected;

(e) determining position data representing the posi-
tion of said reference point taken by said TV cam-
era;

() comparing the position data obtained in step (e)
with the position data obtained in step (b), thereby
determining an amount of deviation of said TV
camera;

(g) taking by said TV camera an image of said object
to produce a2 video signal indicating a position of
said image;

(h) processing said video signal to obtain said daia of
measurement; and

(i) correcting said measurement data in accordance
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onto a screen in order to check whether said automotive
headlamp beam aims at a predetermined direction.
6. A method according to claim 5, wherein said mea-
surement data is related to aiming of said automotive
headlamp beam, said processing step comprising the
steps of:
specifying a closed curved area surrounded by a line
indicative of an illumination intensity higher than a
predetermined level in the image taken of a light
distribution pattern on said screen; and

determining a position of a geometrical center of the
specified closed curved area in an aiming direction
of said headlamp, wherein said geometrical center
is corrected in accordance with said amount of the
deviation of the TV camera position.

7. An apparatus for correcting a position of a TV
camera in a measuring system in which said TV camera
is used for taking an image of an object to be measured
so as to obtain data of measurement concerning said
object, said apparatus comprising:

a reference mark provided in the vicinity of said

object;
detecting means for detecting, in accordance with a
video signal of the image of said reference mark
taken by said TV camera, a position of said refer-
ence mark in a field of vision of said TV camera;

storage means for storing reference point data repre-
senting the position of said reference mark in the
field of vision of said TV camera as determined
when said TV camera is in the correct position;

comparator means connected to said storage means
and said detecting means for comparing the posi-
tion data concerning said reference mark delivered
by said detecting means with said reference point
data delivered by said storage means SO as to pro-
duce a comparison signal representing an amount
of deviation in the position of said TV camera from
said correct position; and

a TV driving unit connected to said comparator

means for adjusting an optical axis of said TV cam-
era in accordance with said comparison signal.

8. An apparatus according to claim 7, further com-
prising a screen onio which an automotive headlamp
beam is projected to provide a light distribution pattern
in order to check whether said automotive headlamp
beam aims at a predetermined direction.

9. An apparatus according to claim 8, further com-
prising:

means for specifying a closed curved area surrounded

by a line indicative of illumination intensity higher
than a predetermined level in said light distribution
patiern on said screen; and

means for determining a position of a geometrical

center of the specified closed curved area in an
aiming direction of said headlamp.

16. In a system having a TV camera for ta.'kmg an
image of an object to be measured to produce a video
signal so as to obtain data of measurement concerning
said object, an apparatus for correcting said data of
measurement in accordance with an amount of devia-
tion of position of said TV camera from its correct
position thereby eliminating any influence of said devia-
tion on said data of measurement, said apparatus com-

with the amount of the deviation of the TV camera 65 prising:

position.
5. A method according to claim 4, wherein said Ob-
ject is an automotive headlamp beam which is projected

a picture processing device for processing the video
signal of said image of said object taken by said TV
camera to obtain said data of measurement;
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a reference mark provided in the vicinity of said
object;

detecting means for detecting, in accordance with the
video signal of the image of said reference mark
taken by said TV camera, a position of said refer-
ence mark in a field of vision of said TV camera;
storage means for storing reference point data repre-
senting the position of said reference mark in the
field of vision of said TV camera as determined
when said TV camera is in the correct position;
comparator means connected to said storage means
and said detecting means for comparing the posi-
tion data concerning said reference mark delivered
by said detecting means with said reference point
data delivered by said storage means so as {0 pro-
duce a comparison signal representing an amount
of deviation in a position of said TV camera from

said correct position; and
correcting means for correcting, in accordance with

14

eliminating any influence of the deviation in the
TV camera position on said data of measurement.

11. An apparatus according to claim 10, further com-
prising a screen onto which an automotive headlamp

5 beam is projected to provide a light distribution pattern

in order to check whether said automotive headlamp

beam aims at a predetermined direction.
12. An apparatus for correcting the data of measure-

ment according to claim 11, wherein said picture pro-

10 cessing device comprises:

15

said comparison signal, said data of measurement 20

obtained by said picture processing means thereby
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means for specifying a closed curved area surrounded

by a line indicative of illumination intensity higher
than a predetermined level in the taken up image of
the light distribution pattern on said screen; and

means for determining a position of a geometrical

center of the specified closed curved area as an
aiming direction of said headlamp, and wherein
said correcting means corrects said geometrical
center of said closed curved area in accordance

with said comparison signal.
¥ % % * X
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